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SSf^^^^i^^-^^-^^^^^^ with government support 

under Grant Numbers DE-TGOt J invention. 
The government has certain rights i 



01 

Background.MJthe^i^^ 



PQ^yw^l » — — 

°' 'Trebles generally to nucleic acid 
This ' „ methods for detecting 

"t^ret'^t --^^^ 

" rrucir^r to o. tne .et.ods in OK. 
genotyping. 

,2, Description of the ^^^^^^^^'^^ ,„creeslngl. 
nucleic add the 
15 Important In a number o -^^^^^^^^ of 
genotyping of ^"^'"^^"f %!^^^,,„g infectious agents, 
hereditary diseases, the laentifylng of 

Ussue typing for "-"-"f/^'/X testing and 
inalvlduals m f;:, anl»als In 

20 monitoring the genetic make P example. AUord 

agricultural breeding programs (see ^^^^^ 
end Casuey. Cur Opi^ Biotech 5:29-33, 

incorporated by ^.^^ ,„alysis uses probes 

^''\rnta; r a -leotlde or nucleotides in 
25 which are -"■P^J-";'^^^ ^„,i,,,, ere typically performed 
the nucleic acid. ^"^^ „j ^^e DNA being tested 

i„ conjunction -1th ™P^^^^'=";^°" « al., science 

.he polymerase chain l^^^^^^;;;^, ..,.„nce,. 

23,:4B7-491. 198 ^^^^^ ^ Zn U the genetic bit 
30 TWO variations of this appro 
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analysis method and the oligonucleotide ligation assay. 

The Genetic bit analysis method involves 
hybridization of an oligonucleotide to a DNA sequence 
immediately adjacent to a target nucleotide. The 
5 oligonucleotide then undergoes a 3' extension with a 
labeled dideoxynucleoside triphosphate and the labeled 
oligonucleotide is subsequently detected using enzyme 
linked colorimetry. (Niklforov et al. Nucleic Acids Res 
22:4167-4175, 1994 which Is Incorporated by reference). 
10 The oligonucleotide ligation assay involves 

hybridization of a DNA sequence to two probes, one of 
which is labeled. One of the probes hybridizes to the 
nucleotides immediately contiguous to a target nucleotide 
and a second, allele-specif Ic probe hybridizes to the 
target nucleotide and immediately contiguous nucleotides 
on the opposite side to the first probe. The two probes 
are then ligated and the resultant labeled 
oligonucleotide Is detected using enzyme linked 
colorimetry (Nlckerson et al., Proc Natl Acad Sci 
87:8923-8927, 1990; U.S. Patents 4,883,750, 4,988,617 and 
5 242 794 all of which are Incorporated by reference). 

Both the genetic bit analysis and oligonucleotide 
ligation assay are time consuming and not readily 
adaptable to automation because they require capturing, 
separation, and washing of the labeled oligonucleotide 
followed by a multi-step detection procedure using an 
enzyme-linked immunosorbent assay. 

in another approach, the detection of one or more 
nucleotides in a nucleic acid is accomplished using 
30 oligonucleotide probes labeled with two fluorescent 

substances In close proximity. One of the fluorophores 
(donor) has an emission spectrum that overlaps the 
excitation spectrum of the other fluorophore (acceptor) 
and transfer of energy takes place from the donor to the 
35 acceptor through fluorescence resonance energy transfer 
(T Foster, Modern Quantum Chemistry, Istanbul Lectures. 



20 



25 
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part III, 93-137, 1965, Academic Press, New YorR which is 
incorporated by reference). The energy transfer xs 
mediated by dipole-dipole interaction. 
Spectroscopically, when the donor is excited, xts 
5 specific emission intensity decreases while the 
acceptor's specific emission intensity increases, 
resulting in fluorescence enhancement. 

The fluorescence enhancement has been used in 
detection systems in which either two singly labeled 
10 oligonucleotides (Heller et al., EPO patent aPPl™- 
0070685, 1983 which is incorporated by reference) or one 
doubly labeled oligonucleotide probe (Heller, EPO patent 
application 0229943, 1986 which is Incorporated by 
reference) are first prepared and then ^^^^^^^-^^^^ « 
15 target DNA or RNA sequence. The two fluorescent labels 
L separated by less than 22 nucleotides in the case of 
two singly labeled oligonucleotides or from 2 to 7 
intervening base units in the case of doubly labeled 
Oligonucleotide probes such that enhanced emission from 
20 fluorescent energy transfer can be detected from the 

hybridized probes. 

The so-called Teqman assay uses a fluorescent 
energy transfer detection method »hlcn t..es advantage of 
.ne decrease In emission intensity, i.e. or Quenching 
25 observed in the first fluorophore. (Livak et al PCR 

„et„ods and ;,pplications 4 = 357-362, 1995, U.S. Patent No. 
5 528,846 which are incorporated by reference). An 
oligonucleotide containing the two fluorescent substances 
is hybridized to a target DNA seguence. The fluorescent 
30 substances are covalently linked to the ^^^^^^ 
« a distance such that fluorescent energy transfer takes 
place Which is then measured as a guenching of donor 
fluorescence. During an^lif ication by polymerase chain 
reaction, the oligonucleotide is degraded thus -P"--"^ 
35 the two fluorescent substances. As a result, the donor 
Shows a loss of guenching and increase in fluorescent 
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«,ission. Thus, by monitoring the loss of quenching of 
the donor, the target nNA sequence Is detected 

one application of the TagMan assay is In 
detecting single nucleotide polyn«rphis»s . l.e single 

. Tse ™ut!tlons in 0... «.i= ^rnirt 
advantages over earlier assays ^-J-'^^ 
polymorphisms which -ere ^-^-/"^^^^^ 

^ r>a Mevers et al., Methoas in 

10 Applications 1:34-38, 1991, Mey« fn 
, 7««:.';oi-527 1987; Keen et al... Trends -Ln 
Enzymology 155:501-5-^/, J-^o 

7.S 1991- Cotton et al., Proc Natl Read .>ci 
Genetics 7.5, 1991, Co 230:1242-1246, 1985; 

fls- 4397-4401; Myers et al., science 

85.4dy/ * jr ,o.iQa-l44 1994 which are 

.,-4 irurtW et al.. Genomics 23:130-i.««. 
ia "Ir^rat^y refere™.,. nevertheless, a s^gnif^ant 

.rohiem With the ^''^;:-zr:^rJz:.s:s Z. 

intolerance to "^^f Methods and 

ellelic , incorporated by 

applications l^J-^^JZ^^^^ , _,„„ing need for an 

" rfrertrve';uciric acid essay method that Is simple to 
perform and readily automated. 

-"-^^^^S^efore. the 

succeeded In troret"i::::irnu^^^^^^^^^^^^ 
7:^:rj..Tr::::^:: • —t ener. 

Thsfer detection method. The -thod /nv" ^s 

30 synthesi^lng an ^J^-^-:Z:T:::r. Z:.. U Of 

rer"c-"r in a nudelc acid, .n essential 
at ieasT; o , -./lo that once formed, the 

feature of the oli9onucleotlde is t^a 

Oligonucleotide contains at least tw ,„ 

3S Of -hlch is ; :;X„s are selected 

the oligonucleotide, me t;w 
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referenced Kerein as -^-J^^ referenced herein as 
excitation spectru™ of the "^r^ 
the acceptor fluorophore. The p 

^ "rr:rt:vrn— ^h^di^tion to the 
:= il: tar.: ^^-^:z^'rz:z ..... 

-■^r'trt^rrirfro trdono. to the acceptor, 
transfer to take plac detected, either 

The fluorescence — ,i„„rophore or by an 

decreased emission ^^^^^ ,,„orophore to 

increase in emission ^^J^^^'"^^^^^ .^e nucleic 
indicate that the tarjet site is pre 

rn one e»hodi»ent of the present invention, the 
oligonucieotide is for^ hy -V";";-^ :„":lrophores 
...ynucieotide which is to a sequence 

to the nucleic acid. The hy includes 
cf nucleotides in the nucleic acrd that ei 

i^i-*. directed synthesis to the 3' end of the 
template directea yi Fluorescence energy 

" Trrrr o:: :i— the oth. . .en 

detected upon denaturation and release of the 
Oligonucleotide fro™ the nucleic ^ i„„ention the 

in another embodlnient c£ the present 

Oligonucleotide is forced fUroP-re to 

polynucleotide — 

—rthrlther f—re;. ^V-;- ^ 

3. rd-dfatrytd"^^^^^^^^ — o— 

.yhridixed to the first polynucleotide. 



30 
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polynucleotides are then covalently bonded together by 
template directed ligation to produce the 
Oligonucleotide. Upon denaturation and release of the 
: ironucleotide fro» the nucleic acid, the f luoresc t 
energy transfer from one fluorophore to the other rs 

'"""'The present invention also provides for Kit for 

«f « taraet site of at least one 
detecting the presence of a target s.x 
detecting f , . ^^.^ The kit is comprised of 

1m capable of binding to the target site or r»»ea.ately 
3 tHhe target site, and <b, a second other fluorophore 
oovalently linked to a dideoxynucleoside ^^..^^^^^ 
„hich is capable of binding to a "^^^ "-^^"^^^ 
nucleic acid at a position in«ediately 5 to the 
polynucleotide capable of adding by 3' extensron to the 
pol^ucleotide. The emission spectrum of one of the 
fL^ophores overlaps the excitation spectrum of the 

,0 Another embodiment of the present invention 

for a kit for detecting the presence of o target 
:!:r f a east one nucleotide in a nucleic acid the 
.it comprising ,a, a first polynucleotide covalently 

linked to one fluorophore: and (b) a second 

linked to o second fluorophore 

25 polynucleotide <=°«'^""'' '^""^"^ ,,p,^ie of b<an9 

rtrfrrsfryrrde to Lm an oLo^r 

r:gnrs::er arntages found to be achieved 
30 by the present invention, therefore, m be ""^^J^ 
provision of new methods for detecting - P--^ 
specific nucleotide sequence in a nuclerc acid the 
Tr^vision of new methods for detecting nucleotide 
Tlymorphisms, the provision of methods that permit 
poxymo y inexpensive, simple, 

3= nucleic ^^^^ ^^TZ^^ utomation, the provision of 

accurate, and adaptable 
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methods that are adaptable for use in diagnosis of 
hereditary diseases and pathologic conditions, in the 
detecting of infectious agents, in tissue typing for 
histocompatability, in forensic identification and 
5 paternity testing and in monitoring the genetic make up 
of plant and animal. 

or-io-F n^snripti^ " the Drawings 

Figure 1 illustrates the template directed 
10 nucleotide incorporation detection method. 

Figure 2 illustrates the template directed 
polynucleotide ligation detection method. 

Figure 3 illustrates a GeneScan gel image of 
template directed nucleotide incorporation assay samples 
15 separated on a 6% sequencing gel showing the positions of 
donor fluorophore-labeled primer, acceptor fluorophore- 
labeled dideoxynucleotide triphosphate, donor/ acceptor 
fluorophore dual labeled primer, and the fluorescence 
intensities measured for each. 
20 Figure 4 illustrates a chromatogram of the 

fluorescence intensities observed in negative controls in 
lanes 1 through 4, and in positive samples in lanes 8, 
11, 14 and 17 in figure 3. 

Figure 5 illustrates the results of a template 
25 directed nucleotide incorporation assay detecting 

sequence tagged site D18S8 alleles as a distribution of 
points after plotting enhanced emission ratios of 
acceptor fluorophores against the donor fluorophore 
emission intensity ratios. 
30 Figure 6 illustrates the results of a template 

directed nucleotide incorporation assay detecting a 
cystic fibrosis allele as a distribution of points after 
plotting enhanced emission ratios of acceptor 
fluorophores against the donor fluorophore emission 
35 intensity ratios. 
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Figure 7 illustrates (a) the fluorescence emission 
spectra of template directed ligation assay products 
detected in the presence or absence of ligase; and (b) 
the same curve after subtracting the control emission 
5 spectra from that of the Ampligase positive sample. 

J.^^^r.^ p^■^r.r^ of the P ^of«^^rf>d Embodiments 

The present invention is based upon the discovery 
that an oligonucleotide labeled with two f luorophores 

10 capable of showing a detectable fluorescence energy 
transfer can be constructed on a target nucleotide or 
nucleotide sequence in a nucleic acid so that the 
synthesized oligonucleotide becomes a probe hybridized to 
the nucleic acid. Surprisingly, the oligonucleotide can 

15 serve as an indicator of the presence of the target 

nucleotide or nucleotide sequence upon denaturation and 
release of the oligonucleotide from hybridization to the 

nucleic acid. 

The doubly labeled oligonucleotide of the present 

20 invention is formed on the target nucleotide or 

nucleotide sequence of the nucleic acid from a singly 
labeled nucleotide or polynucleotide. Thus, upon 
formation of the doubly labeled oligonucleotide, 
fluorescence resonance energy transfer can be measured 

25 either as a quenching of the donor or increased e^nission 

Of the acceptor. 

Formation, i.e. synthesis, of the doubly labeled 
oligonucleotide on the target nucleic acid can be by any 
suitable method so long as the formation step requires 

30 the presence of the target nucleotide or nucleotides and 
a Change in fluorescent energy transfer between the two 
fluorophores can be detected upon denaturation ol: the 
Oligonucleotide. Preferably, in one embodiment a DNA or 
RNA polymerase enzyme and in another embodiment a DNA or 

35 RNA ligase enzyme is used to form the doubly lab.led 
oligonucleotide on the target nucleic acid template. 
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one preferred method for preparation of the doubly 
labeled oligonucleotide hybridized to the target involves 
first providing a polynucleotide primer designed to 
hybridize to a target nucleic acid and labeled with one 
5 of two fluorophore substances (either a donor or 
acceptor) capable of fluorescence resonance energy 
transfer, in the case of genotyping assays where a 
single nucleotide polymorphism is being detected, the 
probe binds immediately 3' to the polymorphic site. Each 
10 of two dideoxynucleotides representing two possible 

alleles are labeled with the second fluorophore substance 
of the donor/acceptor pair. Two samples of target DMA 
are placed in separate reaction vessels and then to each 
sample Is added a polynucleotide labeled with one member 
15 of the donor/acceptor fluorescent dye pair and one of the 
two dideoxynucleotides complementary to the alleles which 
is labeled with the other member of the dye pair. The 
two samples are then incubated under suitable conditions 
under which the polynucleotide hybridizes to the nucleic 
20 acid sample and in the presence of a thermostable DNA 
polymerase. The reaction is cycled between thermophilic 
and mesophilic temperatures under conditions such that 
the polynucleotide is extended by one base when the 
dideoxynucleoside triphosphate is complementary to the 
25 base on the target DNA responsible for the allele. Such 
conditions suitable for hybridization and for 3' addition 
of dideoxynucleoside triphosphates are known in the art 
(see for example, Sambrook et al., supra; Nikiforov et 
al mc Rcids Res 22:4167-4175, 1994; Yershov et al., 
30 Proc Natl Read Sci 93:4913-1918, 1996 which are 

incorporated by reference). The hybridized primer is 
only extended when the added dideoxynucleotide is 
complementary to the target DNA at the polymorphic site. 
After denaturing to release the doubly labeled 
35 oligonucleotide from hybridization to the target, the 
reaction mixture can be analyzed in a fluorescence 
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spectrophotometer. Fluorescence energy transfer occurs 
in the single strand, doubly labeled oligonucleotide when 
a labeled dideoxynucleotide has been incorporated into 
the hybridized polynucleotide probe. Alternatively, 
5 instead of identifying the different alleles in separate 
incubation reactions, the dideoxynucleoside triphosphates 
can contain different and distinguishable acceptor or 
donor fluorescent dyes in which the excitation or 
emission spectrum differs. This allows the detection of 
10 both alleles in the same reaction vessel by detecting a 
different donor/ acceptor reaction for each allele. At 
least from two to four or more individual acceptor 
fluorophore-labeled dideoxynucleoside triphosphates can 
be used in a single reaction so long as the enhanced 
15 emission spectra from the acceptor fluorophores are 

distinguishable. A significant advantage of this method 
allows for the sequential amplification of a target 
template nucleotide, the degradation of excess deoxy 
nucleoside triphosphates and single stranded 
20 polynucleotides, and the detection of a target nucleotide 
sequence to be accomplished in one reaction vessel 
without the requirement for separation or purification 
steps - 

in a second embodiment, the doubly labeled 
25 oligonucleotide is formed by ligation of two singly 
labeled polynucleotides, each polynucleotide having a 
sequence complementary to the target nucleic acid . In 
the case of genotyping assays where a single nucleotide 
polymorphism is being detected, a first of the tw(5 
30 labeled polynucleotides contains a nucleotide 

complementary to one of two possible nucleotides at the 
allelic site at either its 3' or 5' end and is otherwise 
complementary to nucleotides in the nucleic acid ^:hat are 
contiguous with the allelic site. Two such labeled 
35 polynucleotides are prepared, one for each allele with 
one of two different and distinguishable acceptors 
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u ^ the allele specific polynucleotxde. 
covalently linked to the aliex v 

^ «f the two labeled polynucleotides xs 
The second of f ^^^,,^^3 ^^.^t are contiguous to 

complementary to the nucleotxae 

tt^ed to the second polynuoleotiae. In two parallel 

rti. t. t..et o» ----—irpr^ef 
:ron:rt;rsrrdt:.r.«^^^^^^ - 

p^e^ence of a thermostable Xi,ase followed cyclin ^ 
between thennophlllc and mesophUlc ten,peratures I£ 
dye-labeled, allele-speciflc probe perfectly 
acceptor ay ligated to the donor 

complements the target DKh. xt is i g 
aye!labeled probe. *fter stopping the 
denaturing to release the formed, doubly labele^ 
Oligonucleotide from hybridisation to the nucleic add. 
nuorescence Is identifying 
. rrirrTleJTnTert^nc^^^^^^^ reactions. 
Z a "H-speolflc. first labeled polynucleotides can 
rntain dlfffrent acceptor or donor fluorescent dyes in 
Which the e.cltatlon or ^^^^^-J^^^ZZ^ nucleotide 

a different donor /acceptor reaction for each allele- 
AS described earlier, the oligonucleotide xs 
released from the nucleic acid for measurement of 
released ^^^nsfer from donor to acceptor. In 

0 fluorescence energy transter 1. 

Certain variations of this embodiment, however, the 
711 labeled Oligonucleotide need not be free in 
solution, but can be anchored to a support to facilitate 

utomatlon. rurthermore. the P--"!-';;;^; 
, ■ K1 o DNA chip technology such that a partxc 
j5 applicable to DNA chip „„ticular address site on 

marker polynucleotide xs at a particul 
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the chip (Pease et al., Proc. Natl. Acad. Sci. 91:5022-6, 
1994 which is incorporated by reference). 

Fluorescent dye-labeled dideoxynucleoside 
triphosphates and polynucleotide probes can be purchased 
5 from commercial sources. Labeled polynucleotides probes 
can also be prepared by any of a number of approaches. 
For example, unlabeled polynucleotides can be prepared by 
excision, transcription or chemical synthesis. Labeling 
of the polynucleotide probe with a fluorescent dye can be 
10 done internally or by end labeling using methods well 
known in the art (see, for example, Ju et al., Proc Wat 
Read Set 92:4347-4351, 1995; Nelson et al. Nucleic Acids 
Res 20:6253-6259, 1992 which are incorporated by 
reference ) . 

15 The oligonucleotides and polynucleotides ol: the 

present invention are able to form a hybrid structure 
with a nucleic acid sequence containing the specific 
target nucleotide or nucleotide sequence, due to 
complementarity with the target or to a portion of the 

20 nucleic acid sequence containing the target. Oligomers 
suitable for hybridizing to the nucleic acid contain a 
minimum of about 6-12 contiguous nucleotides which are 
substantially complementary to the nucleic acid, and 
preferably about 15 to about 60 nucleotides in length; 

25 more preferably from about 18 to about 40 nucleotides in 
length; and still more preferably from about 20 to about 
30 nucleotides in length. Where the fluorophores are not 
positioned at the 5' and 3' ends of the synthesized 
oligonucleotides but, instead, are placed internally, the 

30 oligonucleotides and polynucleotides from which they are 
made can be substantially longer: preferably from about 
18 to about 1000; preferably from about 20 to about 200 
or more nucleotides, more preferably from about 30 to 
about 100 nucleotides and more preferably from about 40 

35 to about 80 nucleotides. 
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The oligonucleotide or polynucleotide includes 
linear oligomers of natural or modified monomers 
including deoxyribonucleotides, ribonucleotides and the 
like capable of specifically binding to a target 
5 polynucleotide by way of monomer to monomer interactions 
such as through Watson-Crick type base pairing. 

Specific hybridization or specific binding with 
respect to a polynucleotide to a complementary 
polynucleotide as used herein is intended to mean the 
10 formation of hybrids between a polynucleotide and a 
particular target polynucleotide sequence wherein the 
polynucleotide preferentially hybridizes to the target 
polynucleotide sequence over sequences other than the 
target polynucleotide. The polynucleotide or 
15 oligonucleotide can be perfectly matched such that the 
strands making up the duplex form a double stranded 
structure with one another and every nucleotide in each 
strand undergoes Watson-Crick base pairing with a 
nucleotide in the other strand. A mismatch in a duplex 
20 between a target polynucleotide and an oligonucleotide or 
polynucleotide means that a pair of nucleotides in the 
duplex fails to undergo Watson-Crick bonding. 

The stringency of hybridization is determined by a 
number of factors during hybridization and during the 
25 washing procedure including temperature, ionic strength, 
length of time and concentration of formamide. These 
factors are outlined in, for example, Sambrook et al. 
(Sambrook et al.. Molecular Cloning: A Laboratory Manual 
2nd Ed., 1989 cold Spring Harbor Laboratory Press, Cold 
30 spring Harbor, N.Y. which is incorporated by reference). 

The present invention uses fluorescence resonance 
energy transfer between two f luorophores each covalently 
linked to a separate nucleotide in the detection of a 
specific nucleotide or nucleotide sequence in a sample of 
35 nucleic acid. The emission spectrum of one of the two 
f luorophores, the donor, overlaps the excitation spectrum 
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Of the other, the acceptor. As a result, when the donor 
is excited its emission is diminished or quenched due to 
resonance transfer of energy to the acceptor fluoxophore 
and the emission of the acceptor fluorophore Is enhanced. 
5 Any of a number of fluorophore combinations can be 

selected for use in the present invention (see for 
example, Pesce et al, . eds. Fluorescence Spectroscopy, 
Marcel Dekker, New York, 1971; White et al.. Fluorescence 
Analysis: A practical Approach, Marcel Dekker, New York, 
10 1970; Handbook of Fluorescent Probes and Research 

Chemicals, 6th Ed, Molecular Probes, Inc., Eugene, OR, 
1996; which are incorporated by reference). In general, 
a preferred donor fluorophore is selected that has a 
substantial spectrum of the acceptor fluorophore. 
15 Furthermore, in may also be desirable in certain 

applications that the donor have an excitation maximum 
near a laser frequency such as Helium-Cadmium 442 nM or 
Argon 488 nM. In such applications the use of intense 
laser light can serve as an effective means to excite the 
20 donor fluorophore. The acceptor fluorophore has a 

substantial overlap of its excitation spectrum wxth the 
emission spectrum of the donor fluorophore. In a.iditxon, 
the wavelength maximum of the emission spectrum o.E the 
acceptor moiety is preferably at least 10 nm greater than 
25 the wavelength maximum of the excitation spectrum of the 
donor moiety. The emission spectrum of the acceptor 
fluorophore is typically in the red portion of the 
Visible spectrum, although, it is believed that acceptor 
fluorophores having emission at longer wavelengths in the 
30 infrared region of the spectrum can be used. A Ixst of 
examples of fluorophore donor /acceptor combinations xs 
shown in Table 1. The combinations shown are intended to 
be exemplary only and are not intended to be construed as 
a limitation of the present invention. 



35 



BNSOOCIO: <VVO_9722719A1J_> 



PCT/US96/20379 

WO 97/22719 



15 
TABLE 1 



15 



20 



25 



30 



35 



3. 



4. 



5. 





fi Donor 


Acceptor 




0 Fluorescein 


ROX^ 






TAMRA^ 




Rhodamine 




Texas Red 




Eosin 




1 Cascade Blue 


Fluorescein 




1 BODIPV® S30/5S0' ^ 

1 BODIPVtS 542/563* 


BODIPV® 542/563* 




BODIPY® 564/570* 





40 



rhodamine. 

BODIPV® is a registered "^^-Jf ^<r^,!SXhore 

ilSi:^^ SJiSS^vel parent compound. 

BonlPV® is a registered J,rf!So"phore 

S-indacene. 

«^ ■ = T-ooistered trademark (Molecular 
BODIPT^® IS a J^egisterea fiuorophore 

:'5^!hrrr5ls?rr??---rtL..a-aia.a-S- 

indacene. ^ ^ ^ 

Pluorescence resonance energy transfer fro. a 

aonor to an acceptor f luorop.ore is Known to be dependent 
th. distance between the f luorophores. m one 

upon the ^--^^^^^ efficiency was shown to decrease from 

study, the transfer efticiency 
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a value close to 100% for separation distances of about 
12 Angstroms (equivalent to about 3.5 nucleotides), to 16% 
for a separation distance of about 45 Angstroms 
(equivalent to about 13 nucleotides). Heller et al. (EP 
5 application 0229943 ) reported that when attached to 

individual nucleotides of a polynucleotide by 14 ^oigstrom 
linker arms, the highest efficiency of energy transfer 
amounting to 82% occurs at a separation of 5 nucleotide 
base units when hybridized to the target DNA although a 
10 range of 2 to 7 intervening base pairs is taught in this 
reference. In the unhybridlzed state, the maxlmun, 
efficiency was 50% at a separation of 9 nucleotide base 
units. At a distance of 12 nucleotides separation, the 

efficiency dropped to 12%. 
15 in contrast, in the present study, separations of 

the donor and acceptor f luorophores by about 20 
nucleotides and about 40 nucleotides produced detectable 
fluorescence resonance energy transfer. It is noted, 
however, that in the earlier work reported by Heller et 
20 al. the linker arms could also produce an additional 
separation of fluorophores which could be comparable to 
longer nucleotide sequences for a given percent 
efficiency. Nevertheless, although not intending to be 
bound by any theory, it is possible that fluorescence 
25 resonance energy transfer is achieved in the present 
invention as a result of a hydrophobic Interaction 
between the organic dye molecules when the doubly labeled 
oligonucleotide is free and in solution. Because the 
oligonucleotide conformation is no longer restricted by 
30 hybridization to the nucleic acid, hydrophobic 
interaction of the two dyes could result in the 
donor/acceptor pair of fluorophores being in close 
proximity to one another even when placed on the 
Oligonucleotide as much as 20 to 40 base pairs apart 
35 such extreme separation would not have been predicted to 
allow fluorescence resonance energy transfer based upon 
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tne earlier data obtained using probes hybridized to the 

target nucleic acid. earlier approaches 

A significant disadvantage of earixer pp 

i-hat the fluorescent dyes be 
arose from the requirement that tne i ^ ^ 

AS a result, in order to hybrxdize 

10 tTr^et nucleic .da. the cllgonucleotMe of the present 
invention can be end labeled with each of the 
donor/acceptor fluorophores. 

Thus, in the present invention the preferred 

distances bet-een fluorophores is -"^-^^-^^^^C 
IS the fluorescence resonance energy transfer but. also by 
Z Nucleotide lengths re.r.lred for hybridisation^ 
B^^rse^he hybridization is crucial to the -say .ethod. 
t^rpolynucleotide and oligonucleotide lengths suitable 
for hybridization are generally believed to be more 
for hybriaiza,^ .,„t„table fluorescence resonance 

20 important so long as a ^ 

.„ergy transfer can ^^^^^^ J^^^^^^^ „ .^rget 
polynucleotide probes must first nyo 
LCic acid for the dideoxynucleoside triphosphate 
.ethod, doubly labeled oligonucleotides with a 
25 f luorophore separation of about 20 nucleotides is 
preferred. With the ligation method, however, 
: onucleotides with a fluorophore /^^^t,. 
40 Oligonucleotides is preferred because °^ ^j/^ 

„er polynucleotides that form the oligonucleotide are 
30 each rl^ired to hybridize to the targeted -cleic ac... 

The nucleic acid sample for testing according to 
the methods in this invention can be obtained from 
Virtually any source including virus, bacteria, fungi 
p ants Invertebrates and vertebrates including humans 
plants, ^^^y 3^311 

35 and other mammals, birds and t available 
amounts of a particular target nucleic acid 
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in the sample, amplification by polymerase chain reaction 
can be used in preparation for analysis (see, for 
example, Kwok et al.. Genomics 23:138-144, 1994 which is 
incorporated by reference). 
5 Four species are monitored at the end of the assay 

for three types of fluorescence emission. Two species 
are the free donor (D,) and acceptor (A,) dye ligands; the 
others are the donor and acceptor dye ligands (D, and A J 
covalently linked to the oligonucleotide. Total acceptor 
10 emission (A, Aj is determined by exciting the reaction 
mixture at the acceptor's excitation maximum wavelength 
and measuring emission at its emission maximum. Exciting 
the reaction mixture at the donor ligand's excitation 
maximum and measuring emitted light at the donor's 
15 emission maximum gives (D, Dj fluorescence due to free 
donor ligands and quenched fluorescence due to the donor 
ligands covalently linked to the oligonucleotide. 
Enhanced acceptor emission (A.) is determined by excitxng 
at the donor ligand's excitation maximum and measuring 
20 emitted light at the acceptor ligand's emission maximum. 
{A/[A, + A,]) normalizes the acceptor fluorescence to 
account for variations in acceptor dye ligand 
concentrations between reactions. 

Typically assays include appropriate controls that 
25 are commonly used in the art. For example, two DNA 

samples known to contain one allele and two DNA samples 
known to contain the second allele can be used. These 
can serve as positive and negative controls for the 
alleles assayed. A random PGR product without t' 
30 allelic site can also serve as a negative contro. 

Fluorescence enhancement (FE) is measurec rom the 

, r» //a 4. A n/ (D, + DJ. Results are positive 

formula FE=[A,/(A, + A^JJ/ "b> 

when FE_,,.>tFE_,„, * 6.95 x Standard Deviation^,.,] 
which is equivalent to statistical significance at the 
35 99% confidence level in the Students t-Test. 

unlike the prior art, the present invention does 



BNSOOCID' <W0 972271 9A1J_> 



PCT/US96/20379 

WO 97/22719 



19 



not require radioactive reagents, product capture, 
product separation, or multi-step P^^^'^f 
processing and purification. The invention is hxghly 
suitable for processing large nu.nbers of DHA samples xn 
5 parallel, is easier to use than those in the prior art. 
And can be automated. 

Kits are paoRageC to aid research, clinical, and 
testing labs to carry out the invention. For the 
aldeox^ucleoside triphosphate based assays, .its contain 
10 an oligonucleotide that binds immediately 3'- to a 
polymorphic site labeled with one member of a 
LIT/acceptor fluorescent dye pair and each o - or 
„ore dideo:cvnucleoside triphosphates 

alleles labeled with different fluorophores constituting 
15 the other member of the dye pair. «.d may include 

thermostable DN* polymerase, other buffers and reagents 
needed for the procedure, and instructions for carrying 
ou. the assay.^^^^^^^^^^^^^ ^^^^^^^^ ^^^^^^ ^^^^ 

20 two polynucleotides, each having a seguence —P^^"^""^ 
Z the Crget DNA that includes an allelic site, and each 
!: labeled With one of two or more different 
acceptors dyes having different emission maxima and an 
polynucleotide having a seguence complementary to the 

„ ta^^t .N. at a site Immediately adjacent to the allelic 
site labeled with a donor fluorescent dye chosen so that 
Its emission spectrum overlaps the eKCitation spectr>^ of 
both acceptor dyes. Oligonucleotide ligation -say ^its 
may also Include a thermostable ligase. other buffers and 

30 Tagents needed for the procedure, and instructions for 
carrying^ out^ the assay.^ ^ ^^^^^ p„.,„.cleotide 

and/or dldeoKynucleoslde triphosphate reagents to detect 
a single allelic difference or sets of reagents to detect 
35 multiple alleles. Kits can be pacKaged — ^ - 

automated procedures. All reagents are packaged r„ 
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containers for storage at either freezer, refrigerator, 

or room temperature. 

Preferred embodiments of the invention are 
described in the following examples. Other embodiments 
5 within the scope of the claims herein will be apparent to 
one skilled in the art from consideration of the 
specification or practice of the invention as disclosed 
herein It is intended that the specification, together 
with the examples, be considered exemplary only, with the 
10 scope and spirit of the invention being indicated by the 
claims which follow the examples. 

EXAMPLE 1 

This example illustrates the identification of a 
15 single base difference between four unique synthetic 
forty mer nucleic acid molecules using a template 
directed nucleotide incorporation assay. 

synthetic polynucleotides were used to estiiblish 
the sensitivity and specificity of fluorescence resonance 
20 energy transfer in detecting f luorophore labeled 

dideoxynucleoside incorporation. A set of four 40 mers 
comprised of an identical sequence except for the base at 
position twenty-one were synthesized. Each of the four 
possible bases A, C, G or T were uniquely represented at 
25 position 21 in each of the four different templates as 
Shown in Table 2. The fluorescein- labeled polynucleotide 
was synthesized and purified by reverse-phase HPLC by the 
supplier (GENSET Corp., La Jolla, CA). The template 40 
mers were synthesized by the Genome Sequencing Center at 
30 Washington university (St. Louis, MO.). 
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TABl£ 2 






aigomer 


Nucleotide Sequence* 


SEO ID 
NO: 


5 


8l4t02-4CA 


5*-AT7TTACAAAAATAAAACAAAGAAAW-*Ao /v^«^^v^ 


1 




SU102-40C 


5.ATTTTACAAAAATAAAACAACGAAACCACTAAGCCATAAA 


2 




S14102-40Q 


5-ATTTTACAAAAATAAAACAASGAAACCACTAAGCCATAAA 


3 


15 


314102-401 


5.-ATmACAAAMTA^SACAAIGAAACCACTAAGCCATAAA 






814102-F' 


5-_f:'-TTTATGGCTTAGTGGTTTC 





20 



t. Ruorescoin label 

^ UrxJeitfwd rwcleoUdes are unk^ue to thai »eque^ 

Each 40 mer served as a template in four separate 
reactions where it was incubated with the 5' fluorescexn- 
labeled polynucleotide and one of four 6-carboxy-X- 
rhodamine conjugated dideoxynucleoside triphosphates in 
the presence of Klentaql-FY (obtained from the 
25 laboratories of Dr. Wayne Barnes, Washington University, 
St. Louis, MO) and the other three non-labeled 
dideoxynucleoside terminators. 6-carboxy-X-rhodamine 
conjugated dideoxynucleoside triphosphates were obtained 
from DuPont NEN (Boston, MA). Non-labeled 
30 dideoxynucleoside triphosphates were purchased from 
Pharmacia Biotech (Piscataway, NJ). Reactions were 
performed in 20^1 reaction volumes containing 50 mM Trxs- 
HCl pH 9.0, 50 mM KCl, 5 mM NaCl, 5 mM MgCl,, 8% 
glycerol, 0.1% Triton X-100, 25 nM fluorescein- labeled 
35 primer, 100 nM 6-carboxy-X-rhodamine conjugated 

dideoxynucleoside triphosphate, >50nM of a synthetic 40- 
mer and 250 nM of the other three non-labeled 
dideoxynucleoside triphosphates. Reactions were 
incubated in a GeneAmp 9600 thermo cycler ( Perkin/Elmer ) 
at 93-C for one minute, and followed by thirty fxve 
cycles of 93-C for ten seconds and 50«C for thirty 
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seconds. Reactions were terminated by the addition of 10 
pL of 50 mM EDTA, pH 9.0. 

At the end of the reaction, products may be 
analyzed by at least one of three independent methods, 
one method resolves products and reactants in a 
sequencing gel (6% polyacrylamlde, 8M urea, 1 X Tris 
Borate EDTA buffer) on an Applied Biosystems 373A 
automatic DNA sequencer ( Perkin/Elmer Applied Biosystems 
Division, Foster City, CA). Fluorescent species are 
analyzed using GeneScan 672 software (Perkin/Elmer) to 
monitor the incorporation of f luorophore-labeled 
dideoxynucleoside triphosphates. Another method involves 
denaturing and diluting the reaction mixtures with the 
addition of ISOm 0.2N NaOH. The diluted reaction 
mixtures are transferred to a 96-well white microplate 
(Perkin/Elmer). The fluorescence emission of the 
f luorophores is determined using a Luminescence 
spectrometer LS-50B (Perkin/Elmer). A preferred method 
measures the fluorescence intensity changes during 
thermal cycling using the Sequence Detection System 7700 
(Perkin/Elmer) without any further manipulations or 

reaction sampling. 

The reactions above were analyzed after 
electrophoresis on a sequencing gel using the GeneScan 
analysis software. 2pl of each reaction mixture was 
added to 3pL of loading buffer (98% formamide and 10 mM 
EDTA) and loaded onto a sequencing gel and reactants and 
products were resolved by electrophoresis for 1.5 hours 
at 300V constant. Fluorescent species were analyzed 
using GeneScan 672 software to monitor the incorporation 
of f luorophore-labeled dideoxynucleoside triphosphates. 
The GeneScan gel image confirmed that only the one. base 
that was perfectly complementary to the specific template 
was incorporated in each reaction (Figure 3). 
35 Fluorescein labeled polynucleotides migrate slightly 
differently depending on the terminator incorporated. 



20 



25 



30 
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The 



For example, the fluorescein signals for lanes 12. 16. 
and 20. in which non-labeled dideoxyadenosine was 
incorporated, migrated the same distance ^ ^^J^'^ 
sane was observed for the signals in lanes 7 15. and 19 

5 for dldeoxycytosine incorporation, lanes 6. 10. and 18 
for dideoxyguanldine incorporation, and lanes 5 9. and 
13 for dideoxyuridlne incorporation. In lanes in which a 
6-carboxy-x-rhodamine conjugated dldeoxynucleoslde was 
incorporated, the fluorescein and 6-carboxy-x-rhoda»xne 

10 Signals comigrated and were retarded due to the 

fluorophore molecule as noted in lanes 8. 11, 14 and 17. 
Chromatograms of the control lanes ,1-4, and the positive 
reaction lanes (8. 11. 14. 17) «ere produced (Figure 4). 
The emission signals from fluorescein and from 6-carbo,y- 

15 x-rhodamlne are seen as separate peaks In the control 

Les. However, the dual labeled oligonucleotide appears 
as a new peak, indicated as a comigrating fluorescein and 
6-carboxy-X-rhodamine emission peak in the positive 
reaction samples, confirming the specificity of each 

20 spectrophotometric analysis as shown 

in Figure 3 of the reaction mixture at the end of the TDI 
«say showed that 3 types of changes in fluorescence 
intensity -ere observed when dye-terminators were 

25 incorporated. The first two types of 

When the reaction mixture was excited by light at the 
fluorescein- specific absorption wavelength (488 n„>. 

namely, a reduction in l'.^' 
due to quenching by the incorporated dye and an increase 

30 in 6-=arboxy-x-rhoda«ine-speci£ic ' .''"'^ 

fluorescence resonance energy transfer. The thrrd type 
of change was observed when the mixture was excited by 
light at the 6-carboxy-X-rhodamine-specific absorption 
wavelength (580™.): a reduction in acceptor ^-carboxy-X- 

35 rhodamlne (BH) emission due to quenching by the DN^ 
oligomer to which the acceptor had attached. The 
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fluorescence readings for each lane in Figure 3 show 
these changes and in each of the 3 intensity changes, the 
difference between the positive reactions and negative 
reactions was highly significant, with the exception of 
5 the RR reading for 6-carboxy-X-rhodainine conjugated 
dideoxyguanidine. The FEs/FE^ ratios for the positive 
assays ranged from 190% to 360%. 

Based on a series of dilution experiments using 
the single-stranded synthetic templates, significant 
10 differences were found between positive and negative 
reactions at >5 nM template concentrations (data not 
shown ) . 



15 



20 



Example 2 

This example illustrates the identification of 
single nucleotide polymorphisms in human PGR amplified 
sequence tagged sites using a template directed 
nucleotide incorporation assay. 

The most common DNA sequence variations are 
represented by single base pair mutations known as single 
nucleotide polymorphism. Approximately one polymorphic 
site is found for every 500 to 1,500 base pairs in human 
genomic DNA (D.N. cooper et al.. Human Genetics, £9:201- 
205, 1985). A significant fraction of these 
25 pol^orphisms are known to be linked to genetic diseases. 
The template directed nucleotide incorporation assay 
provides a unique method for detecting the presence of a 
single nucleotide polymorphism in a nucleotide san.ple. 
TWO human polymorphic sequence tagged sites, DISSS (Parry 
30 et al., Nucl. Acids Res., 19:6983, 1991, incorpora.ted 
herein by reference), and DXS17 (Kornreich et al.. 
Genomics, 13:70-74, 1992, incorporated herein by 
reference), each previously shown to contain a single 
nucleotide polymorphism, were used to show the 
35 sensitivity and specificity of the template directed 
nucleotide incorporation assay in typing these 
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polymorphic alleles. 

polynucleotides for PGR amplification of these two 
independent sequence tagged sites, and sequence tagged 
site specific 5' end f luorescein-labeled polynucleotide 
5 probes were synthesized as in example 1. The DNA 
sequence of each sequence tagged site flanking the 
allelic marker, and the polynucleotides used to generate 
and identify those sequences are shown in Table 3. Forty 
independent human DNA sources with known genotypes were 
LO PGR amplified for each sequence tagged site. Target 
nucleic acid sequences were amplified in 200^ thin 
walled polyallomer MicroAmp tubes ( Perkin/Elmer ) on a 
GeneAmp 9600 thermo cycler (Perkin/Elmer). AmpliTaq DNA 
polymerase was purchased from Perkin/Elmer Gorporation 
15 (Foster Gity, CA). Fluorophore-labeled dideoxynucleoside 
triphosphates were obtained from DuPont NEN (Boston, MA), 
unlabeled dideoxynucleoside triphosphates were purchased 
from Pharmacia Biotech (Piscataway, NJ). Human genomic 
DNA (20 ng) from test subjects was amplified in 40pl in 
20 50 mM Tris HGl, pH 9.0, 50 mM KGl, 5 mM NaGl, 1.5 mM 

MgGl, 0.2 mM dNTP, IpM of each PGR primer, and AmplxTaq 
DNA polymerase (2U). PGR reaction mixtures were held at 
94-G for three minutes, followed by ten cycles of 94-C 
for ten seconds, ramping to 68-C over ninety seconds, 
25 held at 68-C for thirty seconds, then followed by thxrty 
cycles of 94'C for ten seconds, and 62'C for thirty 
seconds. The PGR products expected are a 367 base pair 
D18S8 segment, and a 620 base pair DXS17 segment. The 
PGR products were gel purified on a 1% agarose gel in 1 - 
30 TAE buffer, stained with ethidium bromide, excised under 
long wavelength UV transillumination (365nm), and 
extracted using the Promega Wizard PGR purification 
system (Promega Inc., Madison, WI ) . 

The gel purified PGR reaction products were used 
35 as templates and subjected to template directed 

nucleotide incorporation analysis using appropriate 
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10 



fluorescein-labeled polynucleotides DXS17-F (SEQ 10:15) 
or D18S8-F (SEQ ID:10) as in Table 3. The templates were 
placed in two parallel reactions containing an 
appropriate fluorescein-labeled primer and one of the 
allelic 6-carboxy-X-rhodamine conjugated 
dideoxynucleoside triphosphates. Reactions were 

1 exceot that 25 nM fluorescein- 
performed as in example 1, excepT; T;n<n. 

labeled polynucleotide, 100 nM 6-carboxy-X-rhodamiue 
conjugated dideoxynucleoside triphosphate, and >50 ng gel 
purified PGR reaction product were used. Samples of the 
reactions were analyzed by fluorescence spectroscopy, and 
the results are presented in Table 4 for DXS17 and in 
Table 5 for D18S8. 
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25 



D18S8-P2 



15 I OtaS8 PfObo 



SequonoQ 



5'-TTGCACCATGCTGAAGATTGT 
'-ACCCTCCCCCTGATGACTTA 



-AGGAGAAnGCTTGAACCCAGGAGGCAGAGCTTGCAGTi 
5--AGGAGAATTGCnGAACCCGGGAGGCAGAGCTTGCAGTGA 

S'-f^-CACTGCAAGTCTGCCTCC 

5--GCAATTATCrGTATTACTTGAAT 

S'-<3GTACATGACAATCTCCCAATAT 
S^-ATTGGATTATTTGTAAACTCAAAGGATAAGTGCATAAAGGG 

5'-ATTGGATTATTTGTAAACTCGAAGGATAAGT GCATAAAGGG 



SEQ 10 NO: 



10 



11 



12 



13 



30 Fluorescence enhancement (FE) was calculated by 

the formula FE=[A./(A,.A,)]/(D..D,). PGR products that 
ao not contain the specific alleles served - 
samples were scored positive when FE_.. > J^^-- ' 
X Standard Deviation„„,„.] • This corresponds to a cutoff 

n£ 1 25 FF, FR, and RR values 
35 ratio for FE.„pu/FE„ntroi of l.^^. r , 

were obtained as in Example 1. 
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10 



All but two of the forty samples tested for the 
DXS17 locus provided definitive genotypes with the 
positive threshold set at FE^^^i./FEcon^roi greater than 
1.25. The two samples which yielded no definitive 
5 genotypes were analyzed by agarose gel electrophoresis 
and were shown to have very weak product bands, 
indicating suboptimal PGR amplification as the reason for 
this result. However, all D18S8 locus DNA samples were 
amplified successfully. All forty D18S8 samples provided 
definitive genotypes when the positive threshold is set 
at FE3„,i./FEc„„„oi greater than 1.15. 

The D18S8 results were also analyzed by plotting 
the enhanced emission ratio of a sample in one allelic 
reaction oyer that for the same sample in the other 
15 allelic reaction against the fluorescein emission 

intensity ratios in the same reactions and are shown in 
Figure 5. The homozygous and heterozygous alleles 
segregate into three groups with the homozygous thymidine 
samples identified using dideoxyuridine incorporation 
occupying the lower right comer of the plot, the 
homozygous cytosine samples in the upper left corr.er, and 
the heterozygotes in the center. External controls are 
not required when this type of plot is used. 



20 



25 



30 



Example 3 

This example illustrates the identification of a 
RET oncogene mutation in individual PGR amplified human 
DNA SBinpies in a template directed nucleotide 
incorporation assay. 

Heterozygous carriers of a single mutant RET 
allele are at high risk for developing multiple endocrine 
neoplasia, type 2 (MEN2), or familial medullary thyroid 
carcinoma (FMTC). Over twenty different single base-pair 
mutations in the RET oncogene have been found in families 
35 with MEN2/FMTC and the majority of these mutations are 
found in exons 10 and 11. The largest group of MEN2 
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35 

families in our samples are affected by a change in codon 
634 of exon 11. The mutation changes a cysteine codon 
(TGC) to a phenylalanine codon (TTC). A template 
directed nucleotide incorporation assay was used to 
detect the presence of the normal cysteine and the mutant 
phenylalanine codons in human DNA samples. 

The PGR primers and fluorescein labeled template 
dependent nucleotide incorporation assay polynucleotide 
used to detect the MEN2C634F allele are shovm in Table 6. 



TABLES 



Annealing 
T«fnp. 



SEQ 
ID NO: 



15 



20 



MENU pi 



5*-<xtctgcggtgocaagcctc 



16 



MENnp2 



5'-caccgg«agaggagtagctg 



17 



MENC634f 



5*-F^ -ccactgtgcgacgagctgt 



ecrc 



18 



. ' Ptuof'escein 

25 PGR reactions for amplification of target template DNA 
were prepared as in Example 2 with the following 
exceptions. The PGR primers MENllpl (SEQ ID:16) and 
MENllp2 (SEQ id: 17) were used to amplify a 234 base pair 
product from exon 11 of the RET oncogene. The annealing 

30 and extension temperature was maintained at 60 'C for the 
first ten cycles and at 53-C for the last thirty cycles. 

30pl of an enzymatic cocktail containing 5U shrimp 
alkaline phosphatase (Amersham), 2.5 U exonuclease I 
(Amersham), and Spl of lOX shrimp alkaline phosphatase 

35 (SAP) buffer (200 mM Tris HCl, pH 8.0, 100 mM MgCl,) was 
added to 20pl of each PGR reaction mixture to degrade 
excess polynucleotides and dephosphorylate excess 
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deoxynucleoside triphosphates. Each fixture was 
incubated at 37-C for thirty minutes before heat 
inactivation at 95-C for fifteen minutes. The sanples 
were maintained at 4-C until used in the template 
5 directed nucleotide incorporation assay without further 
quantitation or characterization. 

Reaction mixtures containing 60nM of the RET 
oncogene fluorescein- labeled polynucleotide primer 
MENC634F (SEQ ID: 18) and an appropriate 6-carboxy-X- 
.0 rhrdale^on.ugated dideoxynucleoside triphosphate .ere 
n.ixed with lOpl of each enzymatically treated PGR 
:.oduct, the^ally cycled, and terminated as in e.ca.ple 
1 except that the annealing temperature was 

The bases to be discriminated lie immediately 3 of 
15 the fluorescein-labeled polynucleotide. Therefore, two 
reactions were prepared. One reaction contained ^ 
carboxy-X-rhodamine conjugated dideoxyguanidine and the 
carooxy fi.carboxy-X-rhodamine conjugated 

other reaction contained 6-carDoxy a 

,0 ""TrtH:-.e,ct.o„s .e.e complete.. s.»p.e= we.e 
„3„sfe.rea « ..c.opX,«s. .enaturea ana 
enhance-ent was aatemlned as In Exampl. 2. Ml «s« 
ware completed in auplicata ana tha results -ere then 
cc^parea « those obtainea the DNA "[^^^^^^ 
l^boratorv '----^--treie ;oTh - "st-tLn 

r^rirt.Toi%::rran^^^^^^^^^^^^ 

30 are shown in Table 7- 
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Table 7 

FE,,_„,./ "^-or,trol 




1.27 



ddT 
1.29 



Genotype 
G/T 



Genotype 
G/T 



15 



20 



94-740 
94-744 
94-745 
94-775 
10 1 94-776 
94-777 

94- 778 

95- 100 



25 



30 



95-101 
95-102 
95-103 
95-104 
95-105 
95-106 
95-107 
95-108 
95-109 



95-112 
95-113 
95-114 
95-115 
95-116 
95-117 
95-118 
95-119 
95-120 



2.16 
2.04 
1.32 
1.35 
1.33 
2.24 
2.28 
1.32 
1.37 
1.29 
1.35 
1.37 
1.31 
1.32 
1.31 
1.34 
1.91_ 
1.33 
1.31 
1.31 
2.30 
1/35 
2.34 
2.29 
1.35 
1.34 
2.28 
2.46 



0.91 
0.94 
1.37 
1.48 
1.49 
0.89 
0.91 
1.58 
1.59 
1-53 
1.48 
1.36 
1.47 
1.39 
1.53 
1.55 
1.08 
1.41 
1.54 
1.45 
0.91 
1.52 
0.88 
0.93 
1.59 
1.62 
0.92 
1 0.93 



G/G 
G/G 
G/T 
G/T 
G/G 
G/T 
G/G 
G/T 
G/T 
G/T 
G/T 
G/T 
G/T 
G/T 
G/T 
G/T 
G/G 
G/T 
G/T 
G/T 
G/G 
G/T 
G/G 
G/G 
G/T 
G/T 
G/G 



G/G 
G/G 
G/T 
G/T 
G/G 
G/T 
G/G 
G/T 
G/T 
G/T 
G/T 
G/T 
G/T 
G/T 
G/T 
G/T 
G/G 
G/T 
G/T 
G/T 
G/G 
G/T 
G/G 
G/G 
G/T 
G/T 
G/G 
G/G 
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There are three results that may be expected when 
screening for this particular allelic mutation. Normal 
homozygous alleles each contain guanidine at the target 
position. Heterozygous individuals contain one normal 

5 and one mutant allele, indicated by the presence of a 
normal guanidine at one target position, and a thymidine 
in the other. The other expected genotype is also a 
homozygous individual in which both alleles are mutant 
and contain thymidine at the target position. The 

LO results show that these alleles are easily discriminated 
using the template directed nucleotide incorporation 
assay. The expected genotype from each allele. matched 
the genotype observed using the PCR-RFLP method. 

Example 4 

This example illustrates the identification of a 
l:hree base mutation in the human cystic fibrosis gene 
using one f luorophore-labeled dideoxynucleoside 
triphosphate in a single sample using the template 
20 directed nucleotide incorporation assay. 

seventy percent of cystic fibrosis patients have a 
three base pair deletion in exon 5 of the cystic fibrosis 
gene (CF508). The carrier rate of this mutation is about 
five percent in the Caucasian population. Thirty-eight 
25 individuals from families with cystic fibrosis provided 
blood, from Which DNA was obtained. These DNA s-P es 
were tested for the presence of the CF508 mutation in the 
cystic fibrosis gene. The PCR primers and fluorescein 
labeled template directed nucleotide incorporation assay 
30 polynucleotide used to detect the CF508 allele are shown 
in Table 8. The PCR primers CF508pl (SEQ ID:19) and 
CF508P2 (SEQ ID:20) were used as in example 2 to amplify 
a 578 base pair segment from exon 5 of the cystic 
fibrosis gene in DNA from each of these thirty-eight 
35 individual patients. The PCR product is useful in 
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testing 
deletion 



for the presence of the unique three base pair 



TABLES 




CF508()2 



5-^igcatagcagagtacctgaaacaggaagta 



5-lgalccattcacagtegcttacccalagagg 




Anoaal 
Temp. 



SEO 

to 

NO: 



- 



20 



10 



t. Fluofescoin. 

The bases to be discriminated in carriers of the 
CF508 allele are known from DNA sequence analysis to be 

15 either a cytosine or a thymidine. These lie inunediately 
3. of the fluorescein-labeled polynucleotide, CF508F25 
(SEQ ID:21), when hybridized to the template nucleotide 
sequence. Separate reactions were used, each containing 
only one fluorophore- labeled dideoxynucleoside 

20 triphosphate, to detennine the presence or absence of the 
CF508 mutation in each DNA sample. PGR amplified DNA 
samples were subjected to a template directed nucleotide 
incorporation assay without further purification of 
products after treatment with shrimp alkaline phosphatase 

25 and exonuclease III as in example 3. Template directed 
nucleotide incorporation reaction conditions were as xn 
example 3, except that each reaction contained either 6- 
carboxy-X-rhodamine conjugated dideoxycytosine or 6- 
carboxy-X-rhodamine conjugated dideoxyuridine . 
30 Therefore, individual reactions were carried out to 

• w «T-oc:pnce or absence of the respective 

distinguish the presence 01- 

alleles. ^ 

The results are shown in Figure 6 after plotting the 

enhanced emission ratios of each allelic reaction as in 
35 example 2 and show a distribution of data points similar 
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to those observed in Figure 5- The homozygous and 
heterozygous alleles segregate into three groups with the 
homozygous thymidine samples identified using 
dldeoxyuridine incorporation occupying the lower right 
5 comer of the plot, the homozygous cytosine samples in 
the upper left corner, and the heterozygotes in the 
center . 

Example 5 

10 This example illustrates the identification of a 

three base mutation in exon 5 of the cystic fibrosis gene 
using two different f luorophore-labeled dideoxynucleoside 
triphosphates in a single sample using the template 
directed dldeoxynucleotide incorporation assay. 
15 The PGR amplified, phosphatase and exonuclease 

treated DNA samples used in example 4 were subjected to a 
template directed nucleotide incorporation assay. The 
presence of wild type and mutant CF508 alleles were 
detected in single reaction volumes for each patient DNA 
20 sample. Thus, each individual template dependent 

nucleotide incorporation assay contained 6-carboxy-X- 
rhodamine conjugated dideoxycytosine and tetramethyl-6- 
carboxyrhodamine conjugated dldeoxyuridine as acceptor 
fluorophore-conjugated dideoxynucleoside triphosphates. 
25 Template directed nucleotide incorporation assays were 
completed as in example 4, and the fluorescence emissxon 
of the fluorophores was determined using an LS-50B 

spectrometer . 

Fluorescein emission of each sample (FF,^.) was 

30 determined by exciting the sample at 488nm with a slit 
width of 5mm and detecting the emission at 515nm wxth a 
slit width of 4mm. 6-carboxy-X-rhodamine emission (RR„..) 
was determined by exciting the sample at 580nm with a 
slit width of 5mm and detecting the emission at 6C5nm 

35 with a slit width of 6mm. Tetramethyl-6-carboxyrhodamine 
(TT, ) emission was determined by exciting the sample at 
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547n« with a slit width of 5™n and detecting the emission 
L sea™, with . .lit Width Of 6™. The enhanced emission 
due to energy transfer was determined for 
rhodanine (FR..) by exciting the sa..ple as ""^ ^ 

5 slit width of smn, and detecting the emission at 605n». 
Tetra»ethyl-6-carhoKyrhoda«ine enhanced emission due to 
energy transfer (FT.^) was determined by exciting the 
sample at «8nm and detecting the emission at 583n». 

* matrix was constructed using single fluorophores 
10 in order to analyze the data. As an example the FR 
reading represents the fraction of fluorescein «.ission 

When only fluorescein is present in the system. 
Similarly, PR. is defined as the tetramethyl-6- 
carboxyrhodamine contribution to FR in ^ ^^^TZTtt 
15 only tetramethyl-6-carboxyrhod.mine ' J]- 

represent the contributions of fluorescein ""^^"^"'^'^ 
x-rhodamine (ROX, to FT. The matrix is shewn in Table 9. 

TABLE 9 



20 



25 



1 • Fluorophore Prese 


nt 

TAMRA ' 


Readings 


Fluorescein 


ROX 




FF 


1,0000 


0-0000 


0.0000 

o.046y 


FR 


0.12bb 


0.0b4y 




FT 


0.22b4 


0-0074 


0.0480 

o.iiib2 


RR 


o,oo6u 


1.0000 




TT 


0.0000 


0-12Bb 


1 . 0000 



The above values are "-d to determine if a^™ple is 

nosi-tive or negative using the foiiowing 
30 FR = FR. - FR.- FR. = FR...- 0.I255FF... - 0.O4O9TT.,. 

30 FR^o„«t«d '■'^ob. f 2254FFk - 0.0074RR„b. 



FT^„rr.ct.d= FT,b. 

RRcorrectcd = R^ob. " ^^^^t 



RRob. - 0.2252TT,,. 



TT, 



= TT 



XT = TT^b, - 0.l286RRob« 

' corrected " ob« r " 

35 The corrected FR and FT values are used to calculate 
fluorescence enhancement (FE). A sample is scored as 
positive if the fluorescence enhancement value of the 
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sample (FE.^^.) is greater than the sum of the 
fluorescence enhancement value of the control (FE„„,„i) 
and seven standard deviations of the controls and 
represented by the following formula: 
cue <»FE +(6.95X standard deviation„„t„i ) . 

The results for the assay detecting the cystic 
fibrosis allele are shown in Table 10. There are three 
results that may be expected using this particular 
allelic mutation. Normal homozygous individuals have 

10 cytosine at the same position in both alleles. The 

presence of a cytosine in one allele and a thymidine in 
another indicates a heterozygous carrier. The only other 
allele type expected is a homozygous cystic fibrosis 
affected individual in which both alleles contain a 

15 thymidine, indicating that both alleles contain the three 
base pair deletion. The results show that these alleles 
are easily discriminated using this method. The expected 
genotype from each allele matched perfectly with the 

observed genotype. 

20 Fluorescence intensity was also monitored during 

thermo cycling using an Applied Biosystems Incorporated 
sequence Detection System 7700 (Perkin/Elmer ) and the 
accompanying ABI 7700 software to do the analysis and 
export the multicomponent data as shown in Table 11. 

25 This data contains the intensity changes for fluorescein, 
tetramethyl-6-carboxyrhodamine, and 6-carboxy-X-rhodamine 
along with the standard deviation for each well. For a 
positive reaction, the intensity of 6-carboxy-X-rhodamine 
should be increasing over 200 units, and that of 

30 tetramethyl-6-carboxyrhodamine should be increasing over 
100 units. Because the fluorescent intensities are 
monitored along with the reaction, the change of 
intensity along the reaction is adequate to deterrrine 
whether reaction is positive or negative. 

35 
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Table 10 
TWO Acceptor TD I Assay: 
Results for Cystic Fibrosxs Samples 

Expected Obse rved 
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Example 6 

This example illustrates the identification of a 
single base change in target DNA molecules in a 
polynucleotide ligation assay using fluorescence 

5 enhancement . 

S14102 (Genbank accession number L33276) is a 217 
base pair human sequence tagged site containing a known 
single nucleotide polymorphism. A set of four 40-mers 
comprised of an identical sequence except for the base at 

10 position twenty-one and corresponding to the DNA sequence 
flanking the known SNP site were synthesized as in example 
1 Each of the four possible bases A, C, G, or T were 
uniquely represented in each of the four different 40-mer 
templates as shown in Table 2. Allele specific 

15 polynucleotides containing Texas Red or rhodamlne as the 
acceptor fluorophore at various positions and 5' 
phosphorylated polynucleotides containing fluorescein as the 
donor fluorophore at various positions were prepared as in 
example 1. The DNA sequence of the donor and allele 

20 specific acceptor polynucleotides corresponds to the 

complementary sequence of the template molecule and are 
shown in Table 12. 
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TABLE 12 



Otigomer 



5 Oanof SequofKO 



NucteoWe Sequence 



5'-TTGrnTATrTTTGTAAAAT 



Acceptor Sequenoe-A 



y-TTTATGGCTTAGTGGTTTCA 




SEQ ID WD: 



20 Donor polynucleotides were additionally labeled 

with digoKigenin using dig-ll-deoxyuridine triphosphate 
and terminal transferase according to the manufacturers 
instructions (Boehringer Mannheim Biochemicals, 
Indianapolis, IN). IpM of 40 mer template was "-<^ - 
25 each reaction. In other reactions, the gel purxfxed 217 
bp PGR product generated using the sl4l02 PGR prxmers 
(SEQ ID:25, SEQ ID:26) in a 20pl reaction was used as a 
template. An allele specific acceptor polynucleotxde 
labeled with Texas Red at position 16, 5 nucleotx.ie 5 to 
30 the site of ligation, was incubated with a donor 

polynucleotide labeled with fluorescein at position 5 5 
Ll^otides 3. to the site of ligation and 3' end labe ed 
with digoxygenin conjugated deoxyuridine triphosphate xn 
the presence of a 40-mer template with a one-base 
35 mismatch or with a 40-mer template that was P-^-^^^ 
complementary to the donor and acceptor polynucleotides. 
Ligation reactions contained 5 pM each of the 
polynucleotide ligation assay specific primers and 
Ampligase thermostable DNA ligase (Epicenter 
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Technologies, Madison, WI ) in a buffer supplied by the 
manufacturer. The primer/ligase mixture was added to the 
template In a ZOjil reaction volume and subjected to 
thirty cycles of 94 -C denaturation for one minute 
5 followed by 45-C annealing and ligation for five minutes. 
Control reactions contained no Ampligase. 

lOpl of each ligation reaction were denatured with 
200pl of 0.5 N NaOH and placed in a cuvette to obtain an 
emission spectrum excited at 490 nm using the LS-50B 
10 luminescence spectrometer ( Perkin-Elmer, Norwalk, CT). 
Alternatively, the sample was denatured with 40pl of 0.6 
N NaOH and placed in a well of a white MicroFLUOR 
microtiter plate (Baxter, McGaw Park, IL) and read 
directly using the LS-50B spectrometer. Energy transfer 
15 between the two fluorophores was observed when the 
emission spectra of the reactions with the correct 
perfectly matched template were compared to those with 
the mismatched template. Energy transfer in the form of 
quenching of donor emission was much more pronounced than 
20 that due to the enhanced emission of the acceptor (Figure 
7) The ratio of the emission of acceptor to emission of 
donor (A/D) was used to establish whether energy transfer 
has occurred. The A/D of a control sample without Iigase 
was used as the baseline to determine the A/D of the test 
25 samples to show that, in the presence of a perfectly 

matched template, A/D of the test sample is significantly 
larger than A/D of the control. A sample with the 
mismatched template shows an A/D similar to that of the 
no Iigase control. When excited at 490nm, the excitation 
30 maximum of the donor fluorescein, both quenching of the 
donor emission at 515nm and enhanced emission of the 
acceptor Texas Red fluorescence at SlOnm were observed in 
the test sample when compared to the control sample 
(Figure 7 A). The shape of the subtraction curve is 
35 characteristic of energy transfer (Figure 7 B). 
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Example 7 

This example illustrates the identification of a 
Single base change in PGR amplified hun.an sequence tagged 
sites in a polynucleotide ligation assay using 
5 fluorescence enhancement. ^,^,no 
The sequence tagged sites DXS17 and S14102 
amplified as in examples 2 and 6 respectively. Allele 
ampiirie ^.^^^.^es 5' end labeled with Texas Red or 

specific polynucleotides a ena 
rhodamme as the acceptor fluorophore and 5 
.0 phosphorylated polynucleotides 3' end -beled wxth 

fluorescein as the donor fluorophore were prepared as 
example 6 and are shown in Table 13. 
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TABLE 13 



1 Ottgomer 


Nudootide Sequence 


SEO ID 
NO: 


1 OXSirAUeteA 


S'-ATTGGATTAmrGTAAACTCAAAGGATAAGTGCATAAAGGG 


27 


OXS17 Allete G 


5'-ATTGGATTATTTGTAAACTCGAAGGATAAGTGCATAAAGGG 


28 


DXS17 Common Probo 


S'-GAGTTTACAAATAATCCAAT-F^-3' 


29 


DXS17 AAeltc Probe (1) 


5--F'-CCCTTTATGCACrTATCCTTT-3' 


30 


OXS17Aaeik:Probo(2) 


S'-F*-CCCTTTATGCACrrATCCTTC-3' 


31 


S14102 AWe T 


S^H^TTTTACAAAAATAAAAGAATGAAACCACTAAQCCATAAA 


32 


S14102 AHetoC 


5-ATnTACAAAAATAAAACAACGAAACCACTAAGCCATAAA 


33 


314102 Common Probe 


5--TTGTTTTATTTTTGTAAAAT-F^->3' 


34 


1 S14102 AMk: Probe 


5*-f:«-TTTATGGCTrTAGTGGTTTCA-3' 


35 


n S14102 AJielta Probo 
1 


5UF*-TTTATGGCTTTAGTGGTTTCG^* 


36 



10 



15 



20 



1. Rhodamine 

2. Texas Red 
30 3. Ruorescetn 

Purified PGR products for each sequence tagged site from 
five individual samples were incubated in two parallel 
20pl reactions with 5 pM of 5' f luorescein-labeled common 
polynucleotide probe, 5 pM of one of the fluorophore- 
35 labeled allele-specif ic polynucleotide probes, and 2U 
Ampligase in a ligase buffer containing 20 mM Tris HCl. 
Ph 7.6, 150 mM KCl, 0.1% Triton X-100, 1 mM NAD, and 10 
mM MgClj. Two control reactions without ligase were 
included for each sequence tagged site. Each reaction 
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mixture was cycled sixty times using thermal conditions 
- as in example 6. The reaction was terminated by adding 
l.Sm 0.5M EDTA, pH 8,0 and the products were denatured 
by addition of 50^1 0.2 N NaOH. 
5 Fluorescence intensities were determined u»ing a 

fluorescent spectrophotometer as in example 6. Total 
donor emission (D, * D,) was measured by exciting each 
reaction mixture at 495nm and measuring emission at 
515nm. Total acceptor emission (A, . AJ for rhodamine 
10 was measured by exciting at 547nm and measuring emission 
at 572nm, and for Texas Red by exciting at 589nm and 
measuring emission at 615nm. Enhanced fluorescence (A.) 
was determined by exciting the reaction mixture at 495nm 
and measuring emission at 572nm for rhodamine and 615nm 

15 for Texas Red. 

Fluorescence enhancement (FE) was calculated by 
the formula FE=[A./(A, . A.)]/(D, . D J . PGR products that 
do not contain the specific alleles served as controls, 
samples were scored positive when FE.^». > [FE_,„, + • 

20 X Standard Deviation^.,! . This corresponds to a cutoff 
ratio for FE.^,./FE_. of 1.25. The results are shown 
in Table 14. The assay correctly identified the alleles 
present in each sample. 
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In view of the above, it will be seen that the 
several advantages of the invention are achieved and 
other advantageous results attained. 

As various changes could be made in the above 
5 methods and compositions without departing from the scope 
of the invention, it is intended that all matter 
contained in the above description and shown in the 
accompanying drawings shall be interpreted as 
illustrative and not in a limiting sense* 
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wYtftt. is Claimed is ; 

1. A method for detecting the presence of a target 
site of at least one nucleotide in a nucleic acid 
comprising: 

(a) forming an oligonucleotide bound to the target 
5 site wherein the oligonucleotide is comprised of two 

f luorophores each of which is covalently linked to a 
separate nucleotide; and 

(b) detecting a fluorescence energy transfer from 
one fluorophore to the other upon release of the 

10 oligonucleotide from the target site. 

2. The method according to claim 1 wherein the 
oligonucleotide is formed from a polynucleotide, vihich is 
covalently linked to one fluorophore and bound either to 
the target site or immediately 3' on the template to the 

5 target site, and wherein a dideoxynucleoside triphosphate 
covalently linked to the other fluorophore binds to the 
target site and reacts with the polynucleotide to produce 
a 3* extension of the polynucleotide. 

3. The method according to claim 2 wherein one 
fluorophore is selected from the group consisting of 
fluorescein, cascade blue, 4, 4-dif luoro-5, 7-diphenyl-4- 
bora-3a,4a-diaza-s-indacene-3-propionic acid, 4,4- 

5 difluoro-5,p-methoxyphenyl-4-bora-3a,4a-diaza-s-indacene- 

3- propionic acid and 4,4-difluoro-5-styryl-4-bora-3a,4a- 
diaza-S-indacene-propionic acid and the other fluorophore 
is selected from the group consisting of 6-carboxy-X- 
rhodamine, N,N,N' ,n' -tetramethyl-6-carboxyrhodamine, 

10 Texas Red, Eosin, fluorescein, 4, 4-dif luoro-5, 7-diphenyl- 

4- bora-3a,4a-diaza-s-indacene-3-propionic acid, 4,4- 
difluoro-5,p-methoxyphenyl-4-bora-3a,4a-diaza-s-ir.dacene- 

3-propionic acid and 4, 4-dif luoro-5-styryl-4-bora-3a, 4a- 
diaza-S-indacene-propionic acid. 

4. The method according to claim 3 wherein one 
fluorophore is fluorescein and the other fluorophore is 
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6-carboxy-X-rhodamine or N, N, N ' , N' -tetramethyl-6- 

carboxyrhodamine . 

5. The method according to claim 3 wherein 
detecting an increase in emission of one fluorophore upon 
excitation of the other indicates the presence of the 
target site in the nucleic acid. 

6. The method according to Claim 3 wherein 
detecting a quenching of one fluorophore indicates the 
presence of the target site in the nucleic acid. 

7. The method according to Claim 3 wherein the 
method detects single nucleotide polymorphism. 

8. The method according to claim 1 wherein the 
oligonucleotide is formed by ligating a first 
polynucleotide, which is covalently linked to one 
fluorophore and bound to the nucleic acid, to a second 

5 polynucleotide covalently linked to the other 
f luorophor e . 

9. The method according to claim 8 wherein one 
fluorophore is selected from the group consisting of 
fluorescein, cascade blue, 4, 4-difluoro-5,7-diphenyl-4- 
bora-3a, 4a-diaza-s-indacene-3-propionic acid, 4,4- 

5 difluoro-5,p-methoxyphenyl-4-bora-3a,4a-diaza-s-indacene- 

3- propionic acid and 4, 4-dif luoro-5-styryl-4-bora-3a, 4a- 
diaza-S-lndacene-propionic acid and the other fluorophore 
is selected from the group consisting of 6-carboxy-X- 
rhodamine, N,N,N' ,N'-tetramethyl-6-carboxyrhodamine, 

10 Texas Red, Eosin, fluorescein. 4,4-difluoro-5,7-diphenyl- 

4- bora-3a,4a-diaza-s-indacene-3-propionic acid, 4,4- 
difluoro-5,p-methoxyphenyl-4-bora-3a,4a-diaza-s-indacene- 
3-propionic acid and 4,4-difluoro-5-styryl-4-bora-3a, 4a- 
diaza-S-indacene-propionic acid. 

10. The method according to claim 9 wherein one 
fluorophore is fluorescein and the other fluorophore is 
6-carboxy-X-rhodamine or N, N, N' , N' -tetramethyl-6- 
carboxyrhodamine . 
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11. The method according to claim 9 wherein 
detecting an increase in emission of one fluorophore upon 
excitation of the other indicates the presence of the 
target site in the nucleic acid. 

12. The method according to Claim 9 wherein 
detecting a quenching of one fluorophore indicates the 
presence of the target site in the nucleic acid. 

13. The method according to Claim 9 wherein the 
method detects single nucleotide polymorphism. 

14. A kit for detecting the presence of a target 
site of at least one nucleotide in a nucleic acid, the 

kit comprising: 

(a) a polynucleotide covalently linked to one 

5 fluorophore and capable of binding to the target site or 
immediately 3' to the target site; and 

(b) a dldeoxynucleotide covalently linked to a 
second fluorophore, which is capable of binding to the 
nucleic acid immediately 5' to the polynucleotide and 

10 capable of adding by 3' extension to the polynucleotide, 
wherein the emission spectrum of one of the fluorophores 
overlaps the excitation spectrum of the other, packaged 

in a container. 

15, The kit according to claim 14 wherein one 
fluorophore Is selected from the group consisting of 
fluorescein, cascade blue, 4, 4-dif luoro-5, 7-diphenyl-4- 
bora-3a,4a-diaza-s-indacene-3-propionic acid, 4,4- 
5 difluoro-5,p-methoxyphenyl-4-bora-3a,4a-diaza-s-i.ndacene- 

3- propionio acid and 4,4-difluoro-5-styryl-4-bora-3a,4a- 
diaza-S-indacene-propionic acid and the other fluorophore 
is selected from the group consisting of 6-carboxy-x- 
rhodamine, n, N, N ' , N ' -tetramethyl-6-carboxyrhodam:Lne, 

10 Texas Red, Eosin, fluorescein, 4, 4-dif luoro-5, 7-diphenyl- 

4- bora-3a,4a-diaza-s-indacene-3-propionic acid, 4,4- 
difluoro-5,p-methoxyphenyl-4-bora-3a,4a-diaza-s-indacene- 

3-propionic acid and 4, 4-dif luoro-5-styryl-4-bora-3a, 4a- 

diaza-S-indacene-propionic acid. 
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16. The kit according to claim 15 wherein one 
fluorophore is fluorescein and the other fluorophore is 
6-carboxy-X-rhodamine or N,N,N' ,N'-tetramethyl-6- 
carboxy^hodamine . 

17. A kit for detecting the presence of a target 
site of at least one nucleotide in a nucleic acid, the 

kit comprising: 

(a) a first polynucleotide covalently linked to a 

5 first fluorophore; and 

(b) a second polynucleotide covalently linked to a 
second fluorophore wherein the second polynucleotide is 
capable of being ligated to the first polynucleotide to 
form an oligonucleotide which binds to the target site, 

10 wherein the emission spectrum of one of the fluorophores 
overlaps the excitation spectrum of the other, packaged 

in a container. 

18. The kit according to claim 16 wherein the 
first fluorophore is selected from the group consisting 
of fluorescein, cascade blue, 4, 4-dif luoro-5, 7-diphenyl- 
4-bora-3a,4a-dia2a-s-indacene-3-propionic acid, 4,4- 

5 dif luoro-5, p-methoxyphenyl-4-bora-3a, 4a-diaza-s-indacene- 

3- propionic acid and 4, 4-dif luoro-5-styryl-4-bora-3a, 4a- 
diaza-S-lndacene-propionic acid and the other fluorophore 
is selected from the group consisting of 6-carboxy-X- 
rhodamine, N,N,N' ,N'-tetramethyl-6-carboxyrhodamine, 

10 Texas Red, Eosin, fluorescein, 4, 4-dif luoro-5, 7-diphenyl- 

4- bora-3a,4a-diaza-s-indacene-3-propionic acid, 4,4- 

dif luoro-5 , p-methoxyphenyl-4-bora-3a , 4a-diaza-s- indacene- 
3-propionic acid and 4, 4-dif luoro-5-styryl-4-bora-3a, 4a- 
diaza-S-indacene-propionic acid. 

19. The kit according to claim 18 wherein one 
fluorophore is fluorescein and the other fluorophore is 
Texas Red. 
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